. group I mGluR-mediated prolonged epileptiform discharges Requirement of protein synthesis for group I mGluR-mediated in-in vitro as well (Merlin and Wong 1997b; duction of epileptiform discharges. J. Neurophysiol. 80: 989-993, 1995). Furthermore, our data suggest that group I mGluR 1998. Picrotoxin (50 mM) elicited rhythmic synchronized bursting activation has epileptogenic properties: transient mGluR acin CA3 pyramidal cells in guinea pig hippocampal slices. Addition tivation results in persistent epileptiform activity, with longof the selective group I metabotropic glutamate receptor (mGluR) term autopotentiation of the group I mGluR response accomagonist (S)-3,5-dihydroxyphenylglycine (25 mM) elicited an inpanying this modification (Merlin and Wong 1997b) . In the crease in burst frequency. This was soon followed by a slowly following studies we address whether the induction and/ progressive increase in burst duration (BD), converting the brief or maintenance of the epileptiform activities produced via 250-520 ms picrotoxin-induced synchronized bursts into prolonged discharges of 1-5 s in duration. BD was significantly in-mGluR activation requires active protein synthesis. If the creased within 60 min and reached a maximum after 2-2.5 h of process is protein synthesis dependent, it would further supagonist exposure. The protein synthesis inhibitors anisomycin (15 port the conclusion that group I mGluR activation initiates mM) or cycloheximide (25 mM) significantly impeded the mGluR-an enduring epileptogenic process. Portions of this work mediated development of the prolonged bursts; 90-120 min of have appeared in abstract form (Merlin and Wong 1997a).
Merlin, Lisa R., Peter J. Bergold, and Robert K. S. Wong. group I mGluR-mediated prolonged epileptiform discharges Requirement of protein synthesis for group I mGluR-mediated in-in vitro as well (Merlin and Wong 1997b; Taylor et al. duction of epileptiform discharges. J. Neurophysiol. 80: 989-993, 1995) . Furthermore, our data suggest that group I mGluR 1998. Picrotoxin (50 mM) elicited rhythmic synchronized bursting activation has epileptogenic properties: transient mGluR acin CA3 pyramidal cells in guinea pig hippocampal slices. Addition tivation results in persistent epileptiform activity, with longof the selective group I metabotropic glutamate receptor (mGluR) term autopotentiation of the group I mGluR response accomagonist (S)-3,5-dihydroxyphenylglycine (25 mM) elicited an inpanying this modification (Merlin and Wong 1997b) . In the crease in burst frequency. This was soon followed by a slowly following studies we address whether the induction and/ progressive increase in burst duration (BD), converting the brief or maintenance of the epileptiform activities produced via 250-520 ms picrotoxin-induced synchronized bursts into prolonged discharges of 1-5 s in duration. BD was significantly in-mGluR activation requires active protein synthesis. If the creased within 60 min and reached a maximum after 2-2.5 h of process is protein synthesis dependent, it would further supagonist exposure. The protein synthesis inhibitors anisomycin (15 port the conclusion that group I mGluR activation initiates mM) or cycloheximide (25 mM) significantly impeded the mGluR-an enduring epileptogenic process. Portions of this work mediated development of the prolonged bursts; 90-120 min of have appeared in abstract form (Merlin and Wong 1997a) .
agonist application failed to elicit the expected burst prolongation. By contrast, the mGluR-mediated enhancement of burst frequency M E T H O D S progressed unimpeded. Furthermore, protein synthesis inhibitors had no significant effect on the frequency or duration of fully Guinea pigs 2-4 wk of age were anesthetized with halothane and decapitated in conformance with the recommendations of the developed mGluR-induced prolonged discharges. These results suggest that the group I mGluR-mediated prolongation of synchro-Guide for the Humane Care and Use of Animals. The brain was rapidly removed and placed in ice-cold artificial cerebrospinal fluid nized bursts has a protein synthesis-dependent mechanism.
(ACSF) containing (in mM) 124 NaCl, 26 NaHCO 3 , 5 KCl, 1. Plasticity in the neuronal circuit can result in epileptogen-mental protocols, data were normalized and percent change was esis, a persistent propensity of the cortical network to pro-compared. Data are reported as means { SE. duce seizure discharges. Experiments on kindling-induced epileptogenesis reveal that this process may also be protein R E S U L T S synthesis dependent (Cain et al. 1980; Jones et al. 1992 recurring pattern (0.138 { 0.004 Hz, mean { SE; n Å 14). of the mGluR agonist DHPG. The picrotoxin-induced epilepEach burst was no longer than 520 ms (375 { 15 ms, n Å tiform activity was not significantly modified by the presence 14). Introduction of the selective group I mGluR agonist of these agents (BD control , 419 { 25 ms; after protein synthe-(S)-3,5-dihydroxyphenylglycine (DHPG; 25 mM) rapidly sis inhibitors, 394 { 19 ms; n Å 9; P ú 0.05). elicited a marked increase in the burst frequency (peak freUnder these conditions, the mGluR agonist-induced inquency 0.285 { 0.011 Hz, n Å 14; Fig. 1 ). This was accom-crease in burst frequency was rapidly elicited and was suspanied by a slowly progressive increase in burst duration tained longer than in the control (peak burst frequency in (BD), which often became evident within 30 min of agonist anisomycin, 0.389 { 0.018 Hz, n Å 8, Fig. 2 ; in cyclohexiintroduction and reached statistical significance by 60 min mide, 0.346 { 0.019 Hz, n Å 6). Coinciding with the sig-(BD at 60 min, 592 { 67 ms, n Å 14). As BD increased, nificant enhancement of burst frequency was a modest reducthere was a parallel decrease in burst frequency. The en-tion in BD in the first 30-60 min of agonist application hanced epileptiform activity fully developed within 120-(BD anisomycin at 30 min, 256 { 19 ms, n Å 8, Fig. 2 ; in 150 min of agonist application, after which time there was cycloheximide, 350 { 28 ms, n Å 6). no significant further alteration in the frequency or duration
In 9 of the 14 slices, 90 -120 min of DHPG application of epileptiform bursts (peak BD, 2,022 { 267 ms, n Å 14; in the presence of protein synthesis inhibitor failed to see Fig. 1 ). Similar results were observed with another group elicit the expected prolongation of BD ( BD anisomycin at 90 I mGluR agonist, (S)-3-hydroxyphenylglycine (data not min, 227 { 17 ms, n Å 6, Fig. 2 , B and C ; in cyclohexishown) (see Merlin and Wong 1997b) . mide 336 { 44 ms, n Å 3 ) . In the five remaining slices, burst lengthening did eventually occur, but this was usually no sooner than 1 -2 h into the agonist application Protein synthesis inhibitors impede mGluR-mediated period. The longer bursts in these experiments were spoinduction of burst prolongation radic and interspersed among a predominance of brief ( i.e., õ500 ms ) bursts ( e.g., Fig. 2 A at 120 min ) , and In 14 slices undergoing picrotoxin-induced epileptiform they remained intermittent 1 h after their initial appearbursting, anisomycin (15 mM; n Å 8) or cycloheximide (25 mM; n Å 6) was applied 15-100 min before the introduction ance.
FIG . 2. Anisomycin impedes group I mGluR-mediated epileptogenesis.
A: example of anisomycin effect on DHPGmediated prolongation of epileptiform bursts. Continuous recording from a CA3 pyramidal neuron. Time 0 represents onset of DHPG application; time in A1 correlates with that indicated next to traces in A2. At 2 h of agonist application there is an increase in burst duration variability, with short bursts predominating. B: summary data, n Å 6, which includes only those slices in which no long bursts developed at 90-min application. C: direct comparison of normalized data from slices represented in Fig. 1B vs. those represented in Fig. 2B . Asterisks over individual bars indicate statistically significant change from activity recorded just before agonist application. * P õ 0.05; ** P õ 0.01; *** P õ 0.001. All bar pairs were significantly different from each other.
Effect of protein synthesis inhibitors on fully developed
DHPG was present for ¢2 h. Anisomycin (15 mM) for 90-mGluR-mediated epileptiform activity 120 min failed to affect significantly either the duration or the frequency of the fully developed prolonged discharges To determine whether active protein synthesis was re-(BD 90 min , 2,237 { 393 ms at frequency of 0.100 { 0.008 quired for the expression of the mGluR-mediated prolonged Hz, compared with BD pre-anisomycin , 1,825 { 242 ms at freepileptiform discharges, a protein synthesis inhibitor was introduced to the perfusing solution of 11 slices in which quency of 0.113 { 0.007 Hz, n Å 7, P ú 0.05; Fig. 3 ). FIG . 3. Failure of protein synthesis inhibitors to affect either frequency or duration of prolonged epileptiform bursts. A: example of anisomycin effect on DHPG-induced fully developed prolonged discharges. B: summary data, n Å 7 slices. Time 0 refers to onset of anisomycin application, which was begun ¢2 h after onset of DHPG application to allow adequate time for near-full development of DHPG effect.
Similar results were seen with 25 mM cycloheximide (BD 90 nist's ability to enhance burst frequency. In fact it appears that the agonist effect on burst frequency is normally masked min , 2,027 { 128 ms, frequency 0.107 { 0.009 Hz, compared with BD pre-cycloheximide , 1,825 { 299, frequency 0.118 { 0.016, by the concomitant increase in BD, which secondarily reduces the frequency. The two effects thus may be indepenn Å 4, P ú 0.05). dently generated, perhaps revealing separate effects of mGluR1 versus mGluR5 activation. Whatever the process D I S C U S S I O N mediating the burst prolongation (as opposed to that increasGroup I mGluR-mediated enhancement of synchronized ing the burst frequency), it appears to be protein synthesis burst frequency dependent. In 36% of slices in which induction of prolonged bursts Our data reveal that selective group I mGluR activation was attempted in the presence of protein synthesis inhibitors, elicits a dramatic increase in the frequency of synchronized sporadic prolonged bursts did eventually appear. This may bursts. The transience of this effect may be secondary to have been the result of incomplete inhibition of protein synthe progressive increase in BD, and indeed the period of thesis. Studies in hippocampal slices have revealed that 10 enhancement of burst frequency is lengthened when the burst mM anisomycin inhibits incorporation of [ 35 S]methionine prolongation is suppressed (see Fig. 2 ). We have previously into polypeptides by 96 { 4%, and 30-60 mM cyclohexishown that group II mGluR activation also increases burst mide inhibits total protein synthesis by 82 { 3% (Osten et frequency (Merlin et al. 1995) . The group II mediated effect al. 1996) . is more modest, plateaus with sustained agonist application, If basal proteins present could serve as a substrate to and is readily reversible upon the removal of agonist. support epileptogenesis, one would expect mGluR activation Whether these two receptor systems with different signal to elicit a submaximal level of burst prolongation in the transduction mechanisms ultimately converge on a common presence of protein synthesis inhibitors. The absence of such path to elicit this shared effect remains to be explored.
an effect suggests that the basal level of the required protein at the time of agonist introduction is insufficient for the Group I mGluR-mediated epileptogenesis expression of the response. Thus new protein synthesis is Selective group I mGluR activation elicits a slowly progres-required. Indeed, activation of group I mGluRs was shown sive prolongation of BD, suggesting a role for these receptors to activate protein synthesis in synaptoneurosomes (Weiler in the interictal-to-ictal transition. This burst prolongation per-and Greenough 1993). These data therefore suggest that sists on removal of agonist (Merlin and Wong 1997b) , impli-group I mGluR-mediated activation of protein synthesis may cating a long-term modification underlying the mGluR-medi-contribute to the long-term changes underlying epileptogenated ictogenesis. Group I mGluR activation is known to esis. activate generation of IP3, leading to an increase of intracellu-
